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Abstract
The present work focuses on the subalpine range of the Italian Alps to determine the influence of aspect
and consequently climate on soil humus properties and chemistry. This was done by comparing soils
developing in north- and south-facing sites on siliceous parent material. The soils were investigated with
respect to the total organic C and N content, C and N contents of organic matter (OM) density fractions
and of labile(oxidised by H2O2) and stable (H2O2-resistant) fractions. Further characterisation of OM
and the different fractions was performed with Diffuse Reflection Infrared Fourier Transform (DRIFT),
Scanning Electron Microscopy/Electron Diffuse Scattering (SEM/EDS) and radiocarbon dating. The
soils at north-facing slopes had a higher OM content. Density measurements and the H2O2 fractionation
proved that this higher content was primarily due to a more pronounced accumulation of weakly
degraded, labile organic materials when compared to the south-facing slopes. Independent of the sites, a
large part of OM (around 50% of OM) was fixed in the densest fraction (N2 g/cm3) which correlated
well with the abundance of the H2O2-resistant fraction. The 14C ages of the latter were up to 17,000
years, reflecting the presence of stable, refractory OM and the effectiveness of organo-mineral
interactions in protecting OM from decay. Podzolisation has been more intense at north-facing sites.
Due to the accumulation of weakly degraded OM, eluviation of Fe and Al is strongly enhanced.
High-mountain ecosystems like the Alps are very sensitive to changing environmental conditions such
as global warming. Especially at cooler sites, the obtained results suggest that a warmer climate, and
thus more favourable conditions for biological activity, will lead in the short- to mid-term to an
increased loss of accumulated, weakly degraded OM.
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2
Abstract1
The present work focuses on the subalpine range of the Italian Alps to determine the influence 2
of aspect and consequently climate on soil humus properties and chemistry. This was done by3
comparing soils developing in north- and south-facing sites on siliceous parent material. The 4
soils were investigated with respect to the total organic C and N content, C and N contents of 5
organic matter (OM) density fractions and of labile (oxidised by H2O2) and stable (H2O2-6
resistant) fractions. Further characterisation of OM and the different fractions was performed 7
with Diffuse Reflection Infrared Fourier Transform (DRIFT), Scanning Electron 8
Microscopy/Electron Diffuse Scattering (SEM/EDS) and radiocarbon dating. The soils at 9
north-facing slopes had a higher OM content. Density measurements and the H2O210
fractionation proved that this higher content was primarily due to a more pronounced 11
accumulation of weakly degraded, labile organic materials when compared to the south-facing 12
slopes. Independent of the sites, a large part of OM (around 50% of OM) was fixed in the 13
densest fraction (> 2 g/cm3) which correlated well with the abundance of the H2O2-resistant 14
fraction. The 14C ages of the latter were up to 17000 years, reflecting the presence of stable, 15
refractory OM and the effectiveness of organo-mineral interactions in protecting OM from 16
decay. Podzolisation has been more intense at north-facing sites. Due to the accumulation of 17
weakly degraded OM, eluviation of Fe and Al is strongly enhanced. High-mountain 18
ecosystems like the Alps are very sensitive to changing environmental conditions such as 19
global warming. Especially at cooler sites, the obtained results suggest that a warmer climate, 20
and thus more favourable conditions for biological activity, will lead in the short- to mid-term 21
to an increased loss of accumulated, weakly degraded OM.22
23
Keywords: Alps, soil organic matter, density fractions, labile OM, stable OM, climate 24
25
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1
Introduction2
The currently occurring worldwide climate changes are fuelling a growing interest in the 3
effects of climate and time on the landscape and consequently soil evolution. Soils play a 4
major role in the biogeochemical cycle, including weathering and the storage of nutrients and 5
carbon (Bain et al., 1994; Richter et al., 2007). Several scenarios of global change predict 6
ascending vegetation zones, with the subalpine coniferous forest and Ericaceous shrubs 7
becoming able to colonise meadows at higher altitudes (Ozenda and Borel, 1991). An 8
example from Swiss and Italian forests of the temperate climate region showed that the 9
colonisation of laurophyllous species is an obvious indication of human impact and of the fast 10
and accelerating climate change that after only a few decades has had a remarkable influence 11
on soil and humus chemistry (Zanelli et al., 2006).12
Carbon cycling rates are often considered to be controlled by three main factors: the climate 13
(temperature, precipitation and vegetation) (Sanderman et al., 2003), the biochemical 14
composition of litter quality and soil organic matter (OM) (Gleixner et al., 2001; Wattel-15
Koekkoek et al., 2001) and the physical protection by the interaction of OM with the soil 16
mineral matrix (Krull et al., 2003). Soil organic matter fractions having turnover times of 17
years to decades, such as particulate organic matter (POM) or light fraction, often respond 18
more rapidly to (management) induced changes in the soil organic carbon pool than more 19
stabilised, mineral-associated fractions having longer turnover times (e.g. Gregorich and 20
Janzen, 1996; Six et al., 1998; Leifeld and Kögel-Knabner, 2005). Light fraction and POM 21
represent plant and animal material at an early stage of decomposition (Christensen, 2000), 22
thus characterising a transitional stage in the humification process.23
In this context, density fractions of SOM (soil organic matter) are used to distinguish organic 24
matter, which is not firmly associated with soil minerals (= light fraction), from organic 25
matter having stronger organo-mineral associations. The light fraction is assumed to be 26
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constituted of less-decomposed plant and animal residues, whereas the heavy fraction is 1
expected to encompass “true” organo-mineral associations (Christensen, 1992; Cambardella 2
and Elliot, 1993; Golchin et al., 1994; Christensen, 1996; Schulten and Leinweber, 1999; 3
Swanston et al., 2005). In order to understand the mechanism governing the long-term 4
residence of organic matter (OM) in soils and to quantitatively assess the contribution of 5
recalcitrant and mineral-protected OM to the formation of stable OM, various authors have 6
used differing chemical treatments to extract the most stable OM (Mikutta et al., 2006; Kleber 7
et al., 2005; Eusterhues et al., 2005; Pessenda et al., 2001; Pessenda et al., 1998). Soil organic 8
carbon is known to contain stable material with a high radiocarbon age, even though the 9
stabilisation processes leading to the formation of this old soil carbon pool are not entirely 10
clear (e.g. Eusterhues et al., 2003; Helfrich et al., 2007). Favilli et al. (2008) showed that the 11
oldest and most stable OM pool can be isolated using H2O2. They tested five methods of 12
isolating the oldest possible stable organic matter; amongst them were also the use of 10% 13
hypochlorite (NaOCl), followed by dissolution of minerals using 10% hydrofluoric acid (HF) 14
or aqua regia. According to the results of Helfrich et al. (2007) many methods are able to 15
isolate an older, more stable SOC fraction, but treatments using H2O2 and Na2S2O8 were the 16
most efficient ones in isolating stable SOM. H2O2 therefore helps to distinguish between a 17
very stable and a labile SOM fraction.18
Soil sequences may give insight into the influence of climate on soil processes. Precipitation 19
and temperature particularly influence soil properties by affecting the type and rates of 20
chemical, biological and physical processes (Dahlgren et al., 1997; Birkeland, 1999).  In 21
Alpine areas of Northern Italy and Switzerland, the relationship between climate and 22
pedological processes is non-linear and is thought to be overshadowed by the pronounced 23
podzolisation effect below and near the timberline (1400 – 1900 m a.s.l.) (Mirabella and 24
Sartori, 1998; Mirabella et al., 2002; Egli et al., 2003). Element leaching and weathering rates 25
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5
were greatest in the subalpine forest range lower weathering rates were measured at both very 1
high and low altitudes (Egli et al., 2004). 2
Soil mapping carried out in siliceous Alpine regions (Sartori et al., 1997, 2005) has illustrated 3
the major role of exposure in soil formation. Distinct differences in element leaching and 4
weathering processes were observed between south- and north-facing sites (Egli et al., 2006). 5
The present work focuses on the subalpine range of the Italian Alps to determine more 6
precisely the influence of aspect and climate on humus properties and chemistry. For this 7
specific environment, there is very little data available that compares the south- and north 8
facing soils and their organic matter fractions (density fractions, labile or stable OM).9
10
11
Materials and methods12
13
Study area14
Eight soil profiles in the subalpine range on siliceous parent material in Val di Rabbi and Val 15
di Fassa (Fig. 1) were investigated in northern Italy (Table 1). Four of these profiles were 16
north-facing and the other four south-facing. To facilitate comparisons between soils on N 17
and S slopes, the altitudes of the sites from which they were taken were as similar as possible.18
The soils were Cambic Umbrisols, Umbric, Entic or Haplic Podzols (FAO, 1998; Table 1). 19
Soils in Val di Rabbi developed on paragneiss (morainic material) and those in Val di Fassa 20
on basaltic latite (morainic material). According to the Soil Taxonomy (Soil Survey Staff, 21
2006), the soil moisture regime was udic (humid conditions, < 90 days/year with a dry soil) at 22
all sites and the soil temperature regime was cryic (mean annual temperature < 8 °C, no 23
permafrost). Maximum precipitation occurs during the summer and autumn months. 24
25
Soil sampling26
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The eight profiles were selected during an inventory of the characteristics and variability of 1
the different soil types. The chosen soils are assumed to be representative of the altitude zones 2
and exposure, respectively. Special attention was given to ensure that the soils showed an 3
undisturbed evolution (according to their macromorphology) with no signs of erosion or 4
burial. 5
As soil horizons are considered to be identical compartments having typical chemical and 6
mineralogical processes, sampling was bound to the morphology of the soils. Around two to 7
four kilograms of soil material (Hitz et al., 2002) were collected per soil horizon from the 8 8
soil pits. Soil bulk density was determined by a soil core sampler (or by excavated holes to a 9
volume of about 500 – 2000ml that were backfilled with a measurable volume of quartz 10
sand). Undisturbed soil samples were taken down to the C horizon. 11
12
Soil chemistry and physics13
The dithionite- and oxalate-extractable fractions were measured for the elements Fe, Al and Si 14
(McKeague et al., 1971) and corresponding concentrations determined by atomic absorption 15
spectroscopy. Total C and N contents of the soil were measured with a C/H/N analyser 16
(Elementar Vario EL). Soil pH (in 0.01 M CaCl2) was determined on air-dried fine earth 17
samples using a soil:solution ratio of 1:2.5.18
After a pre-treatment of the samples with H2O2 (3%), particle size distribution of the soils was 19
measured using a combined method consisting of sieving the coarser particles (2000 - 32 µm) 20
and the measurement of the finer particles (< 32 µm) by means of an X-ray sedimentometer 21
(SediGraph 5100).22
23
Fractionation of organic matter24
The samples were air-dried. Large aggregates were gently broken by hand and sieved to < 2 25
mm. Two different methods to characterise SOM were applied: a density fractionation and an 26
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7
oxidation treatment using H2O2. 1
The density fractionation procedure was adapted from Christensen (1992). The following 2
fractions were separated: < 1 g/cm3, 1-2 g/cm3 and > 2 g/cm3. Forty grams of fine earth were 3
added to 400 ml deionised water and stirred slightly. After about 12 h the sample was 4
centrifuged for 10 min. at 5000 rpm. The supernatant (coarse particles) was sucked off and 5
evaporated (= density fraction < 1g/cm3). The residual sample together with the suspended 6
material was dried at 40°C and subjected to a sodium polytungstate solution having a density 7
of 2 g/cm3 to separate the 1-2 g/cm3 fraction from the > 2g/cm3 one. Ultrasonic treatment of 8
the density solution was done for 40 s at 50 J/ml and it was then centrifuged for 30 minutes at 9
3000 rpm. The supernatant having floating particles (density of 1.0 to 2.0 g/cm3) was sucked 10
off and washed. To remove the salt, the sediment containing the associated mineral-SOM 11
fraction with  > 2.0 g/cm3 was washed three times using distilled water. Finally, the sample 12
was centrifuged and the supernatant was discarded. All fractions were dried at 40 °C.13
Our conceptual approach was based, furthermore, on the finding that partial oxidative 14
degradation of OM leaves behind intrinsically resistant as well as mineral-protected organic 15
materials. The second method to characterise soil organic matter is based on the oxidation of 16
OM by 10% H2O2 (Eusterhues et al., 2005; Plante et al., 2004, modified). 1 gram of air-dried, 17
untreated soil (< 2mm) was wetted for 10 min with distilled water in a 150-ml beaker. 18
Afterwards, 90 ml of 10% H2O2 were added. The procedure was run at a temperature of 50 °C 19
throughout the treatment period. The beakers were closed by using two layers of parafilm to 20
avoid evaporation of the reagent. Peroxide treatments were performed for 168h (7 days). At 21
the end of the treatment the samples were washed three times with 40 ml deionised water and 22
freeze-dried, their weights recorded, analysed for total C and N, functional groups using 23
DRIFT and 14C dated. The amount of organic C after the H2O2 treatment was related to the 24
initial content using a mass-balance approach to obtain the corresponding recoveries with 25
(gCafter / gCbefore) x 100 (1)26
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Recovery values were calculated also for nitrogen. 1
2
DRIFT measurements3
Relative peak intensities were used for DRIFT analysis (Bruker, Tensor 27). Spectra were 4
recorded from 4000 to 250 cm-1 using a powder containing 9-12 mg of sample (3% of the 5
total weight) and 291-388 mg KBr (97% of the total weight). The samples were homogenised 6
in a mill using a fine ball-mill (Zr) for 45 s (frequency 25.0). Prior to measurement, the 7
samples were dried in the oven at 70°C.8
In order to quantify the relative changes in the FT-IR spectra, we divided the values of the 9
relative intensity (area) of each peak by the sum of the relative intensity and multiplied it by 10
100 using the software OPUS 6. For the following peak range an individual peak search and 11
calculation of relative intensities (area) was done: (base1/base2)(cm-1): 3000/2820, 12
1725/1710, 1660/1630, 1620/1600, 1535/1500, 1495/1470, 1470/1430, 1413/1333, 13
1190/1127, 1116/1050 and 1080/1030. The integration method using a linear background 14
between the found bases (individual samples) and absorbance values was taken to calculate 15
the relative concentration (OPUS 6). Major IR absorption bands and functional groups 16
assignments are given in Table 2. Aliphatic compounds were calculated using the IR range 17
1480-1430 cm-1. The range between 3000-2820 cm-1 was not considered because water may 18
absorb in the this range and thus disturb the calculation procedure. DRIFT measurements 19
were performed on all density fractions, the H2O2 treated and untreated soil material.20
21
SEM and EDS analyses22
Selected treated and untreated soil samples were analysed using scanning electron microscopy 23
(SEM) and energy-dispersive spectroscopy (EDS). The samples were prepared for the SEM 24
analysis by first sonicating 10 µg of material for 30 s in 10 ml of de-ionised water and then 25
transferring 60 µl of the solution onto standard aluminium Al-SEM stubs covered with 26
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9
aluminium foil. The analysis was performed using a Philips XL20 SEM operating at an 1
accelerating voltage of 20 kV. Identification of minerals and organic matter was aided by the 2
use of EDS which provides an elemental composition of the solid phases analysed. The EDS 3
detector is equipped with an ultra-thin window allowing detection of mineral elements and4
carbon.5
6
Radiocarbon dating7
The samples were heated and catalytically reduced over cobalt powder at 550°C to elemental 8
carbon (graphite). This mixture was pressed into a target and the ratios of 14C to 12C (for 9
radiocarbon age) were measured by Accelerator Mass Spectrometry (AMS) using the tandem 10
accelerator of the Institute for Particle Physics at the Swiss Federal Institute of Technology 11
Zürich (ETH). The calendar age was obtained using the CalibETH calibration program 12
(Niklaus, 1991).13
14
Statistics15
As the data did not always show a normal distribution, correlation analysis was performed 16
using Pearson’s correlation coefficient for normally distributed data and the Spearman rank 17
correlation coefficient for non-normally distributed ones (Sachs, 1992). Differences in mean 18
values were tested with the U-test (Mann-Whitney). Both these procedures were checked by a 19
two-sided test for significance.20
21
22
Results23
24
Physical and chemical soil properties25
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10
On north-facing sites, the soil profiles were classified (IUSS Working Group WRB, 2006) as 1
Entic Podzols at the lower sites and Haplic Podzols at the higher sites. On south-facing sites, 2
the soil profiles are classified as Cambic Umbrisols or Umbric Podzols. The soils have a 3
comparatively high proportion of soil skeleton (Table 3) that can be up to 80% of the mass of 4
the subsoil. These are typical values for Alpine soils on debris or morainic substratum (Egli et 5
al., 2001). All soils in the study area have a loam or sandy-loam in the topsoils and a loamy-6
sand texture in the subsoil (Table 3). Grain sizes always decrease from the parent material to 7
the surface soil horizon where the highest clay and silt contents are found. The decrease of the 8
grain sizes is a concomitant effect of weathering. The acidification of the soils developed on 9
paragneiss (Val di Rabbi) is pronounced with pH-values in the topsoil between 3.0 and 4.5 10
(Table 4). In contrast, the soils in Val di Fassa were slightly less acidified due to the latitic 11
basalt parent material. Eluviation and illuviation of Fe and Al was in general more 12
pronounced at north-facing sites (Table 4). The mobilisation of SOM, however, was in most 13
cases not intense enough to produce absolute increases in the subsoil (Table 4).14
15
Organic matter and density fractionation 16
A large part of the soil organic carbon (SOC) was found in the heaviest fraction (Tables 5 and 17
6). In general, about 40 - 60% of the SOC was detected in the > 2 g/cm3 fraction (Table 7). 18
The amount of C in the fraction < 1 g/cm3 decreased with soil depth as well as its relative 19
proportion of the total SOC. In contrast, the absolute concentration of C was highest in the 20
light fraction and decreased with increasing density. Due to the small amount of dry matter in 21
the light fraction, the total amount of SOC stored in it was consequently low. Total organic 22
carbon concentration decreased with increase of the fraction density (Fig. 2). The C/N ratio 23
decreased from the light to the heavy fraction. The C/N ratio of the light fraction was very 24
high which is typical for almost-undecomposed organic material. 25
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At north-facing sites, the SOC concentration in the soils (topsoil and also subsoil) is higher 1
than at the south-facing sites (Table 6): furthermore, a significant larger (p < 0.01) proportion 2
of carbon is stored in the light fraction (< 1g/cm3, Tables 6 and 7) at north-facing sites.3
In the topsoils, organic matter consisted mostly of secondary alcohols, polysaccharides, 4
phenolic functional groups and to a lesser extent of aliphatic groups (Table 8). Humification 5
processes were detected by comparing the relative proportion of functional groups of the 6
individual density fractions. A tendency towards increased humification is measurable from 7
the low density fractions (< 1 g/cm3) to those having a higher density (Fig. 3). Humification is 8
defined as the transformation of macromorphological and less stable organic compounds into9
more stable and less biodegradable organic complexes that contribute to the formation of 10
humus. Humification is related to the preferential oxidation of plant polysaccharides (Zech et 11
al., 1997; Rosa et al., 2005) or phenolic hydroxyl groups (Tsutsuki and Kuwatsuka, 1978). 12
Furthermore, an increase of N-containing compounds with increasing OM density can be 13
measured. This is consistent with the measured decrease of the C/N ratio with increasing 14
density fraction (Table 6).15
Compared to Val di Fassa, the bulk soil organic matter (untreated) in Val di Rabbi is richer in 16
aromatic compounds (Fig. 4); this difference is significant at p < 0.01 (U-test). Apart from 17
this this, no clear differences could be measured between north- and south-facing sites 18
regarding the chemical composition (relative proportion of functional groups) of the 19
individual density fractions. 20
21
Labile and stable organic matter22
In the surface horizons, carbon recovery after oxidation by H2O2 was usually between 10 and 23
20% (range: 3 – 50 %). H2O2 was in general very effective in removing labile organic matter.24
Highest recoveries were recorded in subsoils where less labile organic matter is present 25
(Tables 9 and 10). Compared to the untreated soils, the H2O2 treatment led to a relative 26
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enrichment of nitrogen (lower C/N ratios after the treatment). The recoveries of C were lower 1
at the north-facing sites (Tables 9 and 10), which means that relatively more labile organic 2
matter could be oxidised at these sites. 3
The DRIFT spectra of the H2O2-treated samples showed that oxidation-resistant OM was 4
enriched in aliphatic compounds (Fig. 5); this result is confirmed by previous studies (e.g. 5
Barbera et al., 2008). The lower contents of aromatic functional groups indicated that they 6
were preferably-oxidised by H2O2 (Fig. 5). After the H2O2 treatment, the relative abundance 7
of aliphatic compounds in soils at north-facing sites was slightly higher than at south-facing 8
sites (statistically significant however only at the level p = 0.1). 9
10
Discussion11
12
The measured concentrations and amount of soil organic C (SOC) were rather high and 13
typical for Alpine regions (cf. Hitz, 2002). The OC pools (fine earth) in the mineral horizons  14
(A, E, B and BC horizons) were slightly higher at the north-facing sites. At north-facing sites 15
a mean value of 21.3 kg/m2 was measured and at south-facing sites the value was 16.4 kg/m2. 16
The variability was, however, relatively high (north-facing sites: SD = 7.9 kg/m2; south-17
facing sites: SD = 7.4 kg/m2). Consequently, these differences were only significant at the 18
10% level (U-test). The amount of carbon in the organic layers (Of and Oh horizons), 19
however, was significantly higher at the north-facing sites (5.8 kg C/m2) than at south-facing 20
sites (2.4 kg C/m2). 21
Furthermore, distinct differences between north- and south-facing sites exist with respect to 22
the distribution of labile and stable organic matter and the corresponding chemistry. In the 23
investigated soils, the highest proportion of SOM was stored in the heavy fraction > 2g/cm3. 24
At the north-facing sites, in particular, a significant larger OM proportion is stored in the light 25
fraction (< 1 g/cm3). The lightest fractions have a high C/N ratio due to the high content of 26
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plant-derived polysaccharides, lignin, cutin, suberin and charcoal (Sollins et al., 2006). This 1
means that degradation of organic matter is more favoured at south-facing sites while at 2
north-facing sites more “labile” organic matter is accumulated (and not decomposed; most 3
probably due to a lower microbiological activity or to differences in input rates or residue 4
quality). As the chemical composition of the density fractions does not greatly vary between 5
north- and south-facing sites, the input of residues with a different quality is rather 6
improbable. When fractionated according to density, C and N concentration (per g fraction) 7
and C/N ratios decreased with increasing particle density for all the soils (Fig. 2; cf. Oades, 8
1989; Sollins et al., 2006; Basile-Doelsch et al., 2007). Sollins et al. (2006) showed, in an 9
Oregon forest andic soil, that C, N and lignin phenol concentrations all decreased and 14C 10
mean residence time increased with particle density. A similar tendency of decreasing C/N 11
ratio with increasing fraction density could be also measured in the investigated soils. A part 12
of the stable organic matter seems to form complexes with minerals. As the stable organic C 13
pool (H2O2-resistant fraction; also the fraction with a density > 2 g/m3) is enriched in N, we 14
assume that proteinaceous (according to the DRIFT measurements; see Fig. 3) and aliphatic 15
materials (Fig. 5) adsorb on mineral surfaces (cf. Baldock et al., 2004; Kleber et al, 2007) or 16
form a recalcitrant fraction. Clay minerals or phyllosilicates can help to preserve SOM 17
(Wiseman and Püttmann, 2006). Stability of organic matter and its resistance to oxidation can 18
also be due to the capacity of soil matrix to preserve organic matter (Theng et al., 1986; Righi 19
et al., 1995) or to some natural compound recalcitrance deriving from its biochemical 20
characteristics, such as the presence of aliphatic macromolecules (lipids, cutans, algaenans, 21
suberans), charcoal, sporopollenins and lignins.22
Kleber et al. (2007), Kögel-Knabner et al. (2008) and others showed the importance of the 23
mineral fraction in OM protection. According to the model proposed by Kleber et al. (2007), 24
the formation of particularly strong organo-mineral associations appears to be favoured in the 25
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so-called “contact zone” by situations where proteinaceous materials unfold upon adsorption, 1
thus increasing adhesive strength by adding hydrophobic interactions to electrostatic binding.2
Also a higher abundance of C=O stretching of amide groups, quinone C=O and/or C=O of H-3
bonded conjugated ketones was measured at sites with south exposure than at sites with north 4
exposure. SOM in Val di Rabbi was richer in aromatic compounds when compared to Val di 5
Fassa (Fig. 4). Although not a proof, this could be an indication of a higher fire frequency in 6
the drier valley. Fire activity can be recognised via structural characteristics, such as aromatic 7
compounds, of the organic matter (cf. Tinoco et al., 2006). Charcoal pieces were found in the 8
soils in both valleys, but more frequently in Val di Rabbi. We have, however, no numeric 9
values regarding the amount of charcoal. Aromatic compounds, furthermore, could also 10
indicate the presence of a more-stabilised organic matter with condensed and lignin-derived 11
aromatic carbons (Poirer et al., 2003).12
The H2O2 left behind a fraction which seems to be very stable. The H2O2 treatment13
preferentially destroyed C=O of carboxylic and aromatic C=C (cf. Leifeld and Kögel-14
Knabner, 2001). Fire-derived compounds are aromatic-rich (charcoal) and should be found in 15
the more-easily oxidisable fraction (Eusterhues et al., 2005). Similarly to our results, Schulten 16
et al. (1996) and Cheshire et al. (2000) found the SOM resistant to oxidation with H2O217
enriched in N-containing compounds. The 14C ages of the H2O2-resistant fraction were up to 18
17000 years (Table 9). Favilli et al. (2008) showed that the obtained ages after H2O2 treatment 19
corresponded well with the maximum age of charcoal fragments and the geomorphologic 20
settings – in particular the end of the Egesen-equivalent glacial state and the oldest Dryas. 21
Although the 14C ages indicate a mean value, the age-variability of the H2O2 resistant fraction 22
seemed to be rather narrow. In general, the 14C ages of the H2O2-resistant fraction seemed to 23
be lower in Val di Fassa than in Val di Rabbi. The reasons for this are not fully clear. The 24
different geology and, thus, binding mechanisms onto surfaces (stabilisation), the nutritional 25
status or the soil macro- and microbiology might be reasons for a different turnover of stable 26
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organic matter. The mean clay content as well as the amount of oxyhydroxides were higher in 1
the subsoils of Val di Fassa. With these environmental settings, one would expect that more 2
organic matter is tightly bound to mineral surfaces than in the soils of Val di Rabbi. The 3
amount of the H2O2-resistant fraction as well as the mean 
14C ages were, however, lower in 4
Val di Fassa. The soils in Val di Rabbi had no earthworms while in Val di Fassa the soil 5
structures (Sartori and Chersich, 2007; Galvan et al., 2008) revealed the presence of epigeic 6
and endogeic earthworms. We hypothesise that these organisms translocate younger and less 7
stable organic material (although tightly bound to mineral surfaces) to greater soil depths 8
which ultimately leads to a higher proportion of H2O2-digestible carbon in the total organic C.9
The mean 14C ages of the H2O2-resistant fraction were in general higher at north-facing sites 10
(9700 yr at north-facing sites and 6800 yr at south-facing sites; Table 9). This could be due to 11
less favourable degradation conditions and a lower or missing macrofauna at north sites. 12
A good correlation between the C content in the H2O2-resistant fraction with the C content in 13
the density fraction > 2 g/cm3 was found (Fig. 6). In the fractions 1 - 2 g/cm3 and especially > 14
2 g/cm3 (Figs 7 and 8) aggregates and organo-mineral associations protect organic material 15
from decay (Christensen, 1992). In Val di Rabbi, in the same area where the present research 16
was performed, the isolated pool of organic matter after the H2O2 treatment was found to be17
an inert fraction of SOM with a mixture of charcoal and organic materials strongly adsorbed 18
on or trapped in clays (Favilli et al., 2008). According to Sollins et al. (2006), surface-active 19
microbial proteins are an obvious possibility to explain the binding mechanisms onto 20
minerals. 21
Eluviation and illuviation processes of Fe and Al were more intense on north-facing slopes 22
(Table 4). Oxalate-extractable Fe and Al were present in higher concentrations in the fine 23
earth in the B horizons on north-facing slopes than in the paired south-facing slope horizons 24
as a result of more pronounced podzolisation processes. Higher concentrations of organic 25
ligands in the soil solution may generally lead to higher weathering rates (Stumm and 26
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Wieland, 1990). Due to lower temperatures, a lower evapotranspiration and a higher humidity 1
(cf. Hunckler and Schaetzl, 1997), more easily-soluble organic ligands (cf. Ugolini , 1986) are 2
probably present on north-facing sites that stimulate podzolisation there (Sartori et al., 1997, 3
2005). This hypothesis was supported by the fact that more phenolic and COOH groups (band 4
7 and 8, Table 2) in the density fraction < 1 g/cm3 were found at north-facing slopes (p = 5
0.0348 and p = 0.0012 using the U-test). In addition, more OH deformation and C-O 6
stretching of phenolic groups were measured in the fraction 1-2 g/cm3 and > 2 g/cm3 at north-7
facing sites (p = 0.039 for both fractions). Phenolic as well as COOH groups are potential 8
compounds that trap metals and enhance their translocation in soils (cf. Stumm and Morgan, 9
1996).10
Soils at north-facing sites stored more easily-degradable organic material (fraction < 1 g/cm311
or H2O2-oxidisable fraction) than the south-facing soils. This means that at north-facing sites, 12
labile organic matter is accumulated due to a reduced microbial activity that is prevalently 13
caused by higher soil acidity. Lower summer temperatures and/or soil moisture could also 14
affect soil microbial activity. Other mechanisms, such as differences in input rates or residue 15
quality, cannot be ruled out In addition, the concentration of and, less significantly, the stocks 16
of SOM were higher at north-facing sites.17
18
19
Conclusions20
High Alpine sites near the timberline (near 2100 m asl) are characterised by extreme climatic 21
conditions. Exposure and thus climate influence not only weathering mechanisms but also 22
humus properties and chemistry. We obtained the following principal findings:23
- In general, higher org. C concentrations were measured at north-facing sites.24
- The accumulation of labile, weakly-decomposed organic matter at north-facing sites 25
was more expressed than at south-facing slopes. A higher amount of organic matter in 26
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the fraction < 1 g/cm3, and thus weakly-degraded OM, was measured at north-facing 1
slopes. The proportion of H2O2-degradable OM (labile OM) was higher at south-2
facing sites.3
- Podzolisation processes at north-facing sites are more intense. Due to the 4
accumulation of weakly-degraded OM on N slopes, eluviation of Fe and Al is most 5
probably enhanced by organic acids (more –COOH and –OH functional groups are 6
present in the fraction < 1 g/cm-3). 7
- The H2O2 left behind a stable and very old OM fraction. The C/N ratio of this stable 8
OM was often very low. A low C/N ratio in the stable fraction probably means that 9
NH3
+-groups of organic compounds are strongly bonded to minerals. In the “contact 10
zone” proteinaceous materials unfold upon adsorption, thus increasing adhesive 11
strength by adding hydrophobic interactions to electrostatic binding.12
13
The Alps are an essential element of the landscape of Central Europe. High-mountain geo-14
and ecosystems are, however, very sensitive to changing environmental conditions such as 15
global warming (Haeberli et al., 2007). A warmer climate could give rise to a changed 16
microbiology with the consequence that the weathering regime and SOM storage mechanisms 17
would change. We hypothesise that, in response to a changing climate, more favourable 18
conditions in the soils at high elevations will lead, especially at north-facing slopes, to an 19
intensified biological activity in the short- to mid-term and, consequently, to strongly 20
increased SOM decomposition (cf. Egli et al., 2004). The soil could become a C source and 21
not a sink in this transient period. 22
23
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Figure captions
Fig. 1. Location of Val di Rabbi, Val di Fassa and of the investigated sites. Trentino is shown 
as an opaque area in the small map of Italy.
Fig. 2. Particle density vs. org. C and N concentration in the samples.
Fig. 3. Box plots (median, 25th- and 75th-percentile values, min. and max. values) of the 
relative proportion of, A) C-O stretching of polysaccharides, B) OH deformation and C-O 
stretching of phenolic groups, C) N-H stretching of proteic amides, D) secondary alcohols in 
the density fractions 1 g/cm3, 1-2 g/cm3 and > 2 g/cm3.
Fig. 4. Box plots (median, 25th- and 75th-percentile values, min. and max. values) of the 
relative proportion of aromatic C=C functional groups in SOM of Val di Rabbi and Val di 
Fassa. The sites of the drier valley Val di Rabbi show more aromatic compounds (probably 
the effect of fire).
Fig. 5. Box plots (median, 25th- and 75th-percentile values, min. and max. values) of the 
relative proportion of aromatic C=C and aliphatic C-H stretching before and after the H2O2
treatment.
Fig. 6. Relationship between the org. C content in the densest fraction and the H2O2-resistant 
org. C.
Figure captions
Fig. 7. SEM micrographs with EDS analyses of the density fraction 1-2 g/cm3 of a surface soil 
sample. The amount of phytoliths (organically derived Si-forms) in the samples was 
remarkable.
Fig. 8. SEM micrographs with EDS analyses of the density fraction > 2 g/cm3 of a surface soil 
sample.
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Table 1. Characteristics of the study sites in Val di Rabbi and Val di Fassa – Southern Alps.
Profile Valley Elevation Aspect Slope MATa MAPa Parent material Vegetation Land use WRB (FAO, 2006)
(m a.s.l.) (°N) (°) (°C) (mm/y)
North-facing sites
N2 Val di 
Rabbi
1620 0 29 4.2 1040 Paragneiss debris Piceetum Natural forest 
(ecological forestry)
Entic Podzol
(Endoskeletic)
N3 Val di 
Rabbi
1930 20 12 2.5 1140 Paragneiss debris 
and glacial 
material
Nardetum 
alpigenum
Pasture Albic Podzol
(Episkeletic)
SO4 
(Sorda 4)
Val di 
Fassa
1640 350 36 4.1 1100 Basaltic latite 
debris
Piceetum Natural forest 
(ecological forestry)
Umbric Podzol 
(Endoskeletic)
SN2 
(S. Nicolò 2)
Val di 
Fassa
1920 300 29 2.5 1200 Basaltic latite 
debris
Piceetum Natural forest 
(ecological forestry)
Entic Podzol 
(Endoskeletic)
South-facing sites
S6 Val di 
Rabbi
1660 210 33 4.0 1050 Paragneiss debris Larici-Piceetum Natural forest 
(ecological forestry)
Cambic Umbrisol
(Episkeletic)
S7 Val di 
Rabbi
1995 160 25 2.1 1160 Paragneiss debris Laricetum Ex-pasture, natural 
forest
Cambic Umbrisol
(Episkeletic)
SO1 
(Sorda 1)
Val di 
Fassa
1620 165 35 4.2 1100 Basaltic latite 
debris
Piceetum Natural forest 
(ecological forestry)
Umbric Podzol 
(Episkeletic)
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SN4 
(S. Nicolò 4)
Val di 
Fassa
1915 195 33 2.5 1200 Basaltic latite 
debris
Piceetum Natural forest 
(ecological forestry)
Umbric Podzol 
(Endoskeletic)
a MAT = mean annual temperature, MAP = mean annual precipitation (according to Leidlmair, 1996).
Table 2. Major IR absorption bands and assignments (Piccolo and Mirabella, 1985; Stevenson, 
1994; Capriel et al., 1995; Guo and Bustin, 1997; Senesi et al., 2003; Tan, 2003). 
Band Wave number Assignment
cm-1
1 2980-2880 Aliphatic C-H stretching (aliphatic methyl and methylene groups)
2 1725-1710 C=O stretching of COOH, aldehydes and ketones
3 1660-1630 C=O stretching of amide groups, quinone C=O and/or C=O of H-
bonded conjugated ketones
4 1620-1600 Aromatic C=C, strongly H-bonded C=O of conjugated ketones
5 1535-1500 Aromatic rings, amide II vibrations
6 1495-1470 N-H stretching of proteic amides 
7 1470-1440 Aliphatic C-H stretching
8 1413-1333 OH deformation and C-O stretching of phenolic groups
9 1190-1127 C-OH stretching of aliphatic, alcoholic O-H
10 1116-1050 Secondary alcohols
11 1080-1030 C-O stretching of polysaccharide 
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Table 3. Some physical characteristics of the investigated soils in Val di Rabbi and Val di Fassa.
Exposure/ Horizon Depth Munsell color Skeleton Density Sand1 Silt Clay
valley, site (cm) (moist) weight -% g cm-3 g kg-1 g kg-1 g kg-1
South-facing
Val di Rabbi
S6 AE 3-10 10YR 4/4 16 0.82 490 370 140
Bs1 10-50 10YR 4/4 24 1.13 495 400 105
Bs2 50-90 10YR 4/4 50 1.24 595 375 30
BC 90-125 10YR 4/3 69 1.35 797 175 28
S7 AE 0-10 7.5 YR 3/2 1 0.7 415 370 215
BA 10-30 7.5 YR 2.5/2 42 1.42 375 520 105
Bs1 30-45 7.5 YR 3/4 42 1.42 642 314 44
Bs2 45-70 10 YR 4/4 33 1.61 810 176 14
BC 70-95 2.5 YR 4/3 690 295 15
C 95-110 2.5 YR 5/4 42 1.8 500 475 25
Val di Fassa
Sorda 1 A 2-10 10YR 2/2 55 0.87 710 170 120
BA 20-37 7.5YR 2.5/2 63 1.01 560 230 210
Bs 37-55 7.5YR 3/3 84 1.18 720 200 79
CB 55-80 7.5YR 2.5/1 74 1.35 880 94 26
S. Nicolò 4 AE 4-12 7.5YR 3/2 44 0.77 590 250 160
BA 12-28 7.5YR 2.5/2 39 0.77 610 240 150
Bs1 28-50 5YR 3/3 42 0.86 580 260 160
Bs2 50-82 7.5YR 4/4 27 0.82 640 260 100
BC1 82-120 7.5YR 4/3 38 0.89 720 194 86
BC2 >120 10YR 4/3 49 1.19
North-facing
Val di Rabbi
N2 E 6-12 7.5YR 3/1 35 0.96 360 480 160
Bs1 12-50 7.5YR 4/6 67 1.21 400 525 75
Bs2 50-100 7.5YR 4/6 80 1.46 625 325 50
BC 100-130 10YR 4/6 751 220 29
C 130-150 10YR 5/4 60 1.71
N3 EA 1-10 7.5YR 2.5/15 0 0.63 380 440 180
E 10-12 7.5YR 4/1 0 0.63 518 336 146
Bhs 12-25 5YR 2.5/1 29 1.13 509 366 125
Bs 25-57 2.5YR 3/2 43 1.13 619 322 59
BC 57-80 10YR 4/3 746 219 35
C 80-110 10YR 5/4 63 1.77 756 210 34
Val di Fassa
Sorda 4 AE 5-15 7.5YR 2.5/1 22 0.61 660 210 130
Bs1 15-32 5YR 3/2 57 0.46 530 380 88
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Bs2 32-50 7.5YR 3/3 40 0.92 590 360 50
BC1 50-90 7.5YR 4/4 84 1.54 620 260 120
BC2 90-130 7.5YR 3/4 83 1.52 850 108 42
C >130 10YR 3/4 73 1.51 820 139 41
S. Nicolò 2 E 17-28 7.5YR 3/3 65 0.35 480 220 300
Bhs 28-55 2.5YR 2.5/1 53 0.67 720 150 130
Bs 55-90 2.5YR 3/2 68 1.12 890 80 30
BC 90-125 5YR 3/3 78 1.51 810 104 86
C >125 7.5YR 3/3 40 1.50
1Size fractions: sand = 2000 - 50 µm, silt = 50 - 2 µm, clay < 2 µm
Table 4. Typical chemical properties of the soil profiles.
Exposure/ Horizon pH org. C N C/N Alo Feo
valley, site (CaCl2) g kg
-1 g kg-1 g kg-1 g kg-1
South-facing
Val di Rabbi
S6 AE 4.2 49.3 2.06 23.9 8.6 8.1
Bs1 4.4 38.1 1.51 25.2 8.4 6.6
Bs2 4.6 16.6 0.77 21.6 8.8 4.6
BC 4.6 12.9 0.52 24.8 4.3 2.8
S7 AE 4.0 85.9 5.34 16.1 7.3 9.3
BA 4.4 64.5 3.42 18.9
Bs1 4.6 15.9 0.48 33.1 8.7 3.2
Bs2 4.8 8.7 0.27 32.2 8.2 2.8
BC 4.8 3.8 0.16 23.6
C 4.8 3.0 2.6 0.8
Val di Fassa
Sorda 1 A 5.0 45.9 2.2 20.9 6.3 5.7
BA 5.3 24.4 1.4 17.4 9.4 7.4
Bs 5.4 20.9 1.5 13.9 16.1 9.9
CB 5.7 6.4 0.6 10.7 7.0 5.5
S. Nicolò 4 AE 4.8 77.3 5.0 15.5 11.7 10.5
BA 5.1 50.6 3.7 13.7 13.8 12.8
Bs1 5.3 26.2 2.0 13.1 15.4 16.5
Bs2 5.5 20.3 1.5 13.5 13.9 14.8
BC1 5.5 3.5 0.4 8.8 5.8 10.3
North-facing
Val di Rabbi
N2 E 3.0 56.5 2.47 22.9 3.1 6.6
Bs1 4.2 23.1 0.83 27.8 5.8 9.5
Bs2 4.6 16.0 0.63 25.4 11.1 13.2
BC 4.7 4.4 0.19 22.9
C 4.7 2.7 0.07 38.6 2.1 2.5
N3 EA 3.9 194.2 11.17 17.4 9.7 11.6
E 3.9 82.0 3.61 22.7
Bhs 4.0 66.4 2.70 24.6 13.5 20.2
Bs 4.3 28.0 1.01 27.7 14.5 12.5
BC 4.5 10.1 0.49 20.5
C 4.5 7.2 0.25 28.8 3.4 3.9
Val di Fassa
Sorda 4 AE 3.7 182.7 9.1 20.1 10.7 13.9
Bs1 4.4 85.8 3.8 22.6 26.7 18.2
Bs2 4.8 71.3 3.0 23.8 27.7 14.8
BC1 4.9 31.3 1.6 19.6 15.8 5.9
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BC2 4.9 8.1 0.4 20.3 6.0 4.4
C 5.0 2.3 0.3 7.7 4.7 4.4
S. Nicolò 2 E 4.0 144.2 7.2 20.0 18.2 15.5
Bhs 4.6 97.1 4.3 22.6 39.6 21.4
Bs 4.7 36.6 2.4 15.3 37.3 10.4
BC 4.7 22.1 1.2 18.4 29.9 7.9
Table 5. Amount (distribution) of total org. C and N and C/N ratios in the different density fractions.
Exposure/ Horizon Org. Ctot (%) in Sum Ntot (%) in Sum C/N
valley, site < 1g/cm3 1-2g/cm3 > 2g/cm3 Tot. org C. % < 1g/cm3 1-2g/cm3 > 2g/cm3 Tot. N % < 1g/cm3 1-2g/cm3 > 2g/cm3
South-facing
Val di Rabbi
S6 AE 0.93 1.48 2.52 4.93 0.024 0.038 0.144 0.206 39.0 38.8 17.5
Bs1 0.34 1.97 1.50 3.81 0.006 0.053 0.092 0.151 56.6 37.2 16.3
Bs2 0.32 0.13 1.21 1.66 0.005 0.004 0.068 0.077 61.4 34.9 17.8
S7 AE 1.10 3.16 4.33 8.59 0.052 0.183 0.298 0.534 21.0 17.2 14.5
BA 0.13 3.01 3.31 6.45 0.002 0.144 0.196 0.342 51.4 21.0 16.9
Bs1 0.01 0.40 1.17 1.59 0.000 0.012 0.036 0.048 70.0 33.7 32.7
Val di Fassa
Sorda 1 A 0.81 1.11 2.68 4.59 0.013 0.030 0.177 0.220 63.4 36.6 15.1
BA 0.22 0.15 2.07 2.44 0.002 0.003 0.135 0.140 103.6 44.8 15.4
Bs 0.12 0.82 1.16 2.09 0.003 0.031 0.116 0.150 42.8 26.2 10.0
S. Nicolò 4 AE 1.06 3.56 3.11 7.73 0.037 0.203 0.260 0.500 29.1 17.5 11.9
BA 0.47 1.15 3.43 5.06 0.012 0.060 0.298 0.370 38.9 19.3 11.5
Bs1 0.14 0.77 1.70 2.62 0.004 0.049 0.147 0.200 37.0 15.7 11.6
South-facing
Val di Rabbi
N2 E 0.14 0.03 5.48 5.65 0.005 0.002 0.240 0.247 28.6 13.3 22.9
Bs1 1.04 0.05 1.22 2.31 0.037 0.002 0.044 0.083 28.0 25.0 27.8
Bs2 0.14 0.18 1.28 1.60 0.003 0.006 0.054 0.063 49.0 31.9 23.5
N3 EA 5.61 10.96 2.85 19.42 0.304 0.637 0.176 1.117 18.5 17.2 16.2
E 0.45 2.48 5.26 8.20 0.015 0.105 0.240 0.361 29.5 23.6 21.9
Bhs 0.27 3.99 2.38 6.64 0.011 0.157 0.102 0.270 24.5 25.4 23.4
Val di Fassa
Sorda 4 AE 0.74 0.40 17.13 18.27 0.029 0.021 0.859 0.910 25.2 19.0 19.9
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Bs1 1.66 4.05 2.87 8.58 0.073 0.182 0.125 0.380 22.8 22.3 22.9
Bs2 0.14 3.87 3.12 7.13 0.005 0.159 0.136 0.300 28.0 24.4 22.9
S. Nicolò 2 E 8.87 0.79 4.75 14.42 0.415 0.042 0.263 0.720 21.4 19.1 18.1
Bhs 0.24 5.08 4.38 9.71 0.009 0.220 0.202 0.430 28.1 23.1 21.7
Bs 0.12 2.10 1.44 3.66 0.006 0.140 0.094 0.240 19.6 15.0 15.4
Table 6. Mean amount (distribution) of total organic C and N and C/N ratios in the density fractions (first two surface horizons) as a function of exposure and 
site.
Ctot in % Ntot in % C/N C/N (soil)
< 1g/cm3 1-2g/cm3 > 2g/cm3 Total org C. < 1g/cm3 1-2g/cm3 > 2g/cm3 Total N < 1g/cm3 1-2g/cm3 > 2g/cm3
Exposure/Valley
South
Val di Rabbi 0.63 2.41 2.92 5.95 0.021 0.105 0.183 0.308 42.0 28.6 16.3 21.0
Val di Fassa 0.64 1.49 2.82 4.96 0.016 0.074 0.218 0.308 58.8 29.6 13.5 16.9
mean 0.63 1.95 2.87 5.45 0.019 0.089 0.200 0.308 50.4 29.1 14.9 18.9
SD 0.39 1.19 0.88 2.03 0.018 0.076 0.078 0.152 25.7 11.3 2.2 4.1
North
Val di Rabbi 1.81 3.38 3.70 8.90 0.090 0.187 0.175 0.453 26.2 19.8 22.2 22.9
Val di Fassa 2.88 2.58 7.28 12.75 0.132 0.116 0.362 0.610 24.4 20.9 20.7 21.3
mean 2.34 2.98 5.49 10.82 0.111 0.151 0.269 0.531 25.3 20.3 21.4 22.1
SD 3.18 3.75 4.92 6.03 0.158 0.213 0.249 0.353 4.0 3.9 3.5 3.3
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Table 7. Relative distribution of the amounts of C and N in the density fractions (first two horizons).
C in fraction N in fraction
< 1g/cm3 1-2g/cm3 > 2g/cm3 < 1g/cm3 1-2g/cm3 > 2g/cm3
Exposure/Valley
South
Val di Rabbi 10.5% 40.5% 49.0% 6.8% 34.0% 59.3%
Val di Fassa 12.9% 30.1% 57.0% 5.2% 24.1% 70.7%
mean 11.6% 35.8% 52.6% 6.0% 29.0% 65.0%
North
Val di Rabbi 20.3% 38.0% 41.6% 19.9% 41.2% 38.7%
Vali di Fassa 22.6% 20.2% 57.1% 21.6% 19.1% 59.4%
mean 21.7% 27.5% 50.8% 20.9% 28.5% 50.6%
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Table 8. Mean relative proportion of the most important functional groups of organic matter (untreated 
fine earth) of the surface horizon (A, AE or E horizon). 
Relative concentrations in %
Absorption 
band*
Exposure/Valley 3 4 5 7 8 9 10 11
South
Val di Rabbi 7.4 5.4 14.0 4.1 12.9 16.0 22.2 15.3
Val di Fassa 15.7 2.0 14.3 8.8 13.5 6.5 29.8 6.6
mean 11.5 3.7 14.2 6.4 13.2 11.2 26.0 10.9
SD 5.0 2.2 2.5 3.6 3.5 5.7 7.5 6.1
North
Val di Rabbi 4.4 6.1 14.3 3.8 10.4 21.7 25.8 12.4
Val di Fassa 9.9 1.6 11.0 6.6 17.4 10.6 31.3 10.8
mean 7.1 3.9 12.6 5.2 13.9 16.1 28.5 11.6
SD 3.7 3.0 2.7 1.7 7.2 12.3 5.3 3.2
*3: 1660-1630 cm-1 (C=O stretching of amide groups, quinone C=O and/or C=O of H-bonded 
conjugated ketones)
4: 1620-1600 cm-1 (aromatic C=C, strongly H-bonded C=O of conjugated ketones)
5: 1535-1500 cm-1 (aromatic rings, amide II vibrations)
7: 1470-1440 cm-1 (aliphatic C-H stretching)
8: 1413-1333 cm-1 (OH deformation and C-O stretching of phenolic groups)
9: 1190-1127 cm-1 (C-OH stretching of aliphatic, alcoholic O-H)
10: 1116-1050 cm-1 (secondary alcohols)
11: 1080-1030 cm-1 (C-O stretching of polysaccharide)
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Table 9. Carbon and nitrogen concentration in the soil before and after the H2O2 treatment. The recoveries 
give the ratio of the measured amount of C or N after the treatment to the initial amount.
Exposure/ Before the H2O2 treatment After the H2O2 treatment Recovery
14C age 1
valley, site Horizon C N C/N C N C/N C N cal BP
g/kg g/kg g/kg g/kg % %
South-facing
Val di Rabbi
S6 AE 49.3 2.06 23.9 6.2 0.32 19.4 11.4 14.1 8855±73
Bs1 38.1 1.51 25.2 3.1 0.35 8.8 7.1 20.3 3548±38
Bs2 16.6 0.77 21.6 10.1 0.49 20.7 59.3 61.8
S7 AE 85.9 5.34 16.1 17.1 0.85 20.1 16.8 13.4 16933±141
BA 64.5 3.42 18.9 5.8 0.46 12.5 7.8 11.7 4922±68
Bs2 8.7 0.27 32.2 3.9 0.20 19.6 42.4 69.8
Val di Fassa
S. Nicolò 4 AE 77.3 5.00 15.5 15.5 1.64 9.4 15.7 25.7 3725±78
BA 50.6 4.00 13.7 11.9 0.92 13.0 18.0 19.0 5688±26
Bs2 20.3 2.00 13.6 7.9 0.80 9.9 30.9 42.6 7364±22
Sorda 1 A 45.9 2.00 20.9 8.0 0.29 27.6 13.8 10.5 3632±41
BA 24.4 1.00 17.4 6.0 0.19 31.7 21.2 11.7 6489±42
North-facing
Val di Rabbi
N2 E 56.5 2.47 22.9 10.6 1.03 10.3 10.5 23.3 11966±87
Bs2 16.0 0.63 25.4 8.5 0.46 18.5 52.2 71.6 16243±123
N3 EA 194.2 11.17 17.4 10.6 3.72 2.9 3.8 23.3 214683±175
E 82.0 3.61 22.7 16.8 3.04 5.5 16.4 67.3 217729±133
Bhs 66.4 2.70 24.6 7.0 1.95 3.6 7.4 50.6 211626±119
Bs 28.0 1.01 27.7 3.5 1.01 3.5 10.0 80.0 211068±82
Val di Fassa
Sorda 4 AE 182.7 9.00 20.1 34.8 1.13 30.8 9.3 6.1 6352±27
Bs1 85.8 4.00 22.6 13.6 0.63 21.5 9.7 10.2 5790±22
Bs2 71.3 3.00 23.8 15.1 0.46 32.8 17.1 12.4 6053±73
S. Nicolò 2 E 144.2 7.00 20 26.6 0.73 36.4 14.9 8.2 4364±42
Bhs 97.1 4.00 22.6 12.8 0.32 40.0 8.1 4.6 2335±14
1 Radiocarbon data of the H2O2 resistant carbon fraction
2 Radiocarbon data of a nearby soil (few meters)
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Table 10. Mean concentration values of C and N before and after the H2O2 treatment as a function of 
exposure and site. 
Before the H2O2 treatment After the H2O2 treatment Recovery 
Exposure/Valley C N C/N C N C/N C N
g/kg g/kg g/kg g/kg
South
Val di Rabbi 43.9 2.23 23.0 7.7 0.45 16.9 24.1% 31.8%
Val di Fassa 43.7 2.76 16.2 9.9 0.77 18.3 19.9% 21.9%
mean 43.8 2.52 19.9 8.7 0.59 17.5 22.2% 27.3%
SD 25.2 1.67 5.7 4.5 0.43 7.6 16.0% 21.2%
North
Val di Rabbi 73.9 3.60 23.4 10.8 2.25 7.4 16.7% 52.7%
Val di Fassa 116.2 5.48 21.8 20.6 0.65 32.3 11.8% 8.3%
mean 93.1 4.45 22.7 14.5 1.32 18.7 14.5% 32.5%
SD 58.1 3.33 2.8 9.0 1.12 14.4 13.1% 29.1%
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